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           Last lecture we started with Cholesterol metabolism so in this lecture we are 

continuing the metabolism pathway of Cholesterol, its synthesis and regulation. 

 Synthesis of Cholesterol   

 Cholesterol can be synthesized by all cells but it’s mainly synthesized in the liver and 

the small intestinal cells. Its synthesis pathway is very long so you have to know only 

some certain intermediates and their order in the pathway.  
 The synthesis of cholesterol goes in the following steps:  

1. Synthesis of cholesterol starts with the condensation of 3 Acetyl CoAs to make an 

HMG-CoA. 

2. HMG-CoA is then reduced to Mevalonate. 

 The reduction of HMG-CoA to Mevalonate is 

a rate-limiting step and is highly regulated.  

3. Mevalonate is then activated by the addition 

of two phosphate groups, in two steps, each 

of which transfers a phosphate group from 

ATP. 

4. The activation of mevalonate is followed by 

its decarboxylation to Isopentenyl Pyrophosphate (IPP). Isopentenyl 

pyrophosphate is a five carbon compound derived from Isopental and can be 

isomerized to Dimethylallyl Pyrophosphate (DPP) by shifting the double bond. 

5. IPP is isomerized to DPP.  

6. Isopentyl Pyrophosphate (C5) and its isomer 

Dimethylallyl Pyrophosphate (C5) condense 

to form Geranyl Pyrophosphate (C10).  

7. Geranyl Pyrophosphate is condensed with 

another molecule of Isopentenyl 

Pyrophosphate to form Farnesyl 

Pyrophosphate (C15). This compound (Farnesyl) is a hydrophobic compound 

made of carbons & hydrogens. It’s added to many proteins to anchor them into 

the lipid bilayer of the plasma membrane since it’s too hydrophobic.  

8. The condensation of two Farnesyl Pyrophosphates (C15) forms a Squalene (C30) 

which is then converted into Squalene Epoxide. 

9. Squalene Epoxide is then cyclized into Lanosterol which through several steps is 

converted into 7-Dehydrocholesterol (a vitamin D precursor) and finally into 

Cholesterol. 

 Degradation of Cholesterol  
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 The degradation of Cholesterols occurs only by their conversion to Bile Acids. 

  The conversion of cholesterol to a bile acid starts with the 

formation of Cholic Acid by hydroxylation of carbon 7 of 

Cholesterol (rate-limiting step) and other modifications 

(reduction of the double bond, shortening of the end carbon 

chain into fat carbon chain and oxidation of the carboxyl group).  

 This step is catalyzed by Cholesterol 7-α-hydroxylase, it is 

inhibited by Cholic acid (the end-product) and stimulated by 

Cholesterol (the reactant).  

 Bile acids are considered weak acids. They aren’t fully ionized at 

the pH of the small intestine so they are joined to Glycine or to Taurine (an amino 

acid that contains CH2SO3H instead of a carboxyl group). Glycine 

and Taurine are much stronger acids; they are ionized at the pH of 

the small intestines (in glycine the carboxyl group gets ionized 

while in taurine the sulfate group gets ionized). After this 

conjugation, they are named Bile Salts.  

 The Bile acids are conjugated to Glycine or Taurine to produce 

Bile Salts which are released in the bile and stored in the Gall 

Bladder. After a fatty meal, the gall bladder contracts to release 

the primary Bile Salts (they do their jobs in the emulsification of 

lipids for the digestion of lipids). Bacteria of the intestinal microbiota can de-

conjugate (remove glycine and taurine) bile salts. They can also de-hydroxylate 

carbon 7, producing secondary bile acids.   

 Secondary and Primary bile acids in the intestine are reabsorbed by the portal vein 

into the liver where they are conjugated to Glycine or Taurine to form secondary 

bile salts, these secondary bile salts are released in the same way and are going to 

be modified in the small intestines once again.  

 This circulation between the small intestines and 

the liver is called Enterohepatic circulation.  

 The total amount of bile acids (15-30 g each 

day). 

 Most of the bile acids (95%) are reabsorbed this 

way, only (5%) 0.5g/day are excreted by Fecal 

excretion where they escape from the enterohepatic circulation. This 5% excreted 

bile acid is replaced by the newly synthesized bile acids.  
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 High cholesterol levels are usually associated with myocardial infarction and 

strokes. Due to this, the following efforts should be made to lower the cholesterol 

level: 

 Reduce the cholesterol intake in the diet (which will be compensated by increased 

synthesis of cholesterol due to regulation between the intake/synthesis rate). This 

way isn’t every effective – reduces cholesterol level by 5-10% only. The cholesterol 

level in the blood usually is 200mg/dL  

 Increase the polyunsaturated fatty acids (such as linolinec, linoleic fatty acids) to 

saturated fatty acids ratio (SFA increase the cholesterol level, so increasing the 

ratio of PUSFA/SFA decreases the cholesterol level). 

 Increase fiber intake  

 Daily ingestion of plant steroid esters (they are poorly absorbed and help in the 

excretion of cholesterol)  

 All of the above mentioned mechanisms are not very effective in decreasing 

cholesterol level (decreases about only 20%).  

 Inhibition of synthesis of cholesterol by inhibiting the activity of HMG CoA 

reductase that catalyzes the rate-limiting step. Statins are a group (family) of drugs 

that inhibit HMG CoA reductase. They are structural analogs of HMG-CoA and are 

reversible competitive inhibitors of HMG-CoA reductase. For example: 

a) Simvastatin: whose addition inhibits the activity of the enzyme 

by the mechanism of competitive inhibition.  

b) Lipitor (atorvastatin): this drug aims to decrease the level of 

cholesterol below normal so it is not only taken when 

cholesterol level is high; it’s also taken when cholesterol level is 

normal. It is used by old people in order to decrease the 

cholesterol level, one tablet a day at night is taken to decrease 

the cholesterol level below normal to reduce the risk of myocardial infarction and 

strokes.  

 The other way of lowering the cholesterol level is using bile acids sequestering 

agents.  

 Remember, 95% of bile acids are reabsorbed in the liver which are also the 

inhibitors of the Cholesetrol-7-alpha-hydroxlase, the enzyme that converts 

cholesterol to bile acids. The inhibitor (bile acids) is getting back to the liver so in 

order to remove the inhibition, we need to decrease the amount of bile acids. So 

we use cholestyramine (an insoluble polyamine that can’t be absorbed in the small 

intestines where it can bind to the bile acids and prevent their reabsorption into the 
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liver so the amount excreted increases). Consequently, the amount of bile acids in 

the liver decreases and the inhibition of conversion of cholesterol to bile acids is 

removed  more cholesterol is used  more bile acid is formed.  

 

 Storage of cholesterol  

 Esterification of cholesterol is important for storing it, this is done 

through the addition of fatty acids (acyl CoA) to the only hydroxyl 

group of cholesterol, forming an ester bond. This is catalyzed by an 

enzyme called Acyl CoA: cholesterol acyl transferase (ACAT).  

 ACAT transfers the acyl group from Acyl CoA to Cholesterol forming 

Cholesteryl ester, this happens in the cell in order to store the 

cholesterol that is not immediately needed. It’s also important in the 

plasma for the sake of transporting the cholesterol into liver and 

tissues. But in the plasma, there is no CoA and there is no reaction that converts 

fatty acids into acyl CoA; so the source of fatty acids is different and 

comes from Lecithin (phosphoaditylchloline, phospholipid abundant 

in lipoprotein particles. 45% of HDL = phospholipids that acts as 

donors for acyl groups). 

 After donating an acyl group, lecithin is converted to Lysolecithin. 

The enzyme that catalyzes this reaction is called Lecithin: Cholesterol 

Acyl Transferase (LCAT). This occurs in the HDL which contains the 

enzyme, cholesterol and lecithin. 

 

 Regulation of cholesterol synthesis 

 Cholesterol is required by all cells since it is a necessary component of cell 

membranes meanwhile high levels of cholesterol can be fatal; it can cause 

myocardial infarction and death. So cholesterol synthesis should be strictly 

regulated and its regulation is done by the following mechanisms:  

1. Regulation of Gene Expression  

2. Covalent Modification (phosphorylation of the enzyme) 

3. Hormonal Regulation  

4. Proteolytic Regulation 

 All of these mechanisms are based on inhibition of an early enzyme in the 

cholesterol synthesis pathway (HMG-CoA reductase) caused by increased levels of 

cholesterol. This is a feedback inhibition by the end product (cholesterol) and the 

metabolites of cholesterol.  
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1. Regulation of Gene Expression  

 The gene of HMG-CoA reductase is found in all cells. When cells get their need of 

cholesterol, there is no need for this enzyme or other pathway enzymes (used in 

cholesterol synthesis) to be synthesized since they are not going to be used.  

 So the presence of cholesterol prevents the expression of these genes.  

 Expression of the HMG CoA Reductase Gene requires a transcriptional factor (a 

protein that usually binds to the DNA upstream from the gene).  

 Sterol Regulatory Element (SRE) is a sequence upstream the gene of HMG-CoA 

reductase that requires the binding of SRE-BP in order for transcription to happen.  

 When cholesterol level is low in the cell, it causes the release of the bound SRE-BP 

in the endoplasmic reticulum, SRE-BP then migrates into the nucleus to bind to the 

sequence so that the MRNA can be synthesized.  

 

o Sterol Regulatory Element-Binding Proteins (SREBPs): a family of proteins – 

transcription factors –  that regulate the transcription of a range of genes 

involved in the metabolism of cholesterol and other lipids.  They are inhibited by 

cholesterol and its metabolites.   

o Insulin-induced gene (Insig) – a protein in the SER whose expression is induced by 

insulin. It inhibits SRE-BP activation and promotes degradation of HMG-CoA 

reductase. 

 

2. Covalent Modification: inhibition by adding a phosphate group 

 The phosphorylated form of HMG-CoA reductase is inactive, whereas the 

dephosphorylated form is active.  

 HMG-CoA can be phosphorylated by a protein kinase that’s activated by AMP 

(AMP-activated protein kinase AMPK). Cholesterol synthesis, like FA synthesis, is 

decreased when ATP availability is decreased.  

 De-phosphorylation of the enzyme is done by a phosphatase.  

 

 Phosphorylation can be thought of as a mean to decrease the utilization of 

glucose. Remember that acetyl CoA comes from glucose and is the precursor of 

cholesterol. Phosphorylation of HMG-CoA reductase tends to decrease the 

consumption of glucose and its conversion into cholesterol.   

 High levels of AMP = Low levels of ATP  there is no energy to synthesize 

cholesterol  AMP activates protein kinase  phosphorylation of HMG-CoA 

reductase   inhibition of cholesterol synthesis  sparing glucose.  
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3. Hormonal Regulation  

 An increase in glucagon favors phosphorylation of 

HMG-CoA reductase (inactivation). 

 An increase in insulin favors de-phosphorylation of 

HMG-CoA reductase (activation).  

4. Proteolytic Regulation 

 Enzymes are continuously being synthesized and degraded. Therefore, 

regulation of their amounts can be done by fixing the ratio of the synthesis rate 

to the degradation rate.  

 When cholesterol levels are high, the enzyme HMG-CoA reductase binds to 

certain proteins. This binding leads to ubiquitination and proteasomal 

degradation of the reductase.  

↑ Cholesterol --> ↑↑HMG CoA Reductase Proteolysis --> ↓ HMG CoA Reductase 

 The following picture illustrates the 
regulation of HMG CoA reductase 

synthesis (was discussed in the above 
mentioned mechanisms, you can refer 

to lecture 29 video, minute 25:30). 
 

 

 The serum cholesterol level greatly 

increases the risk of the coronary 

heart death among patients who were 

admitted into the hospital because of 

myocardial infarction.  

 The following figure shows modifiable 

and non-modifiable CAD risk factors: 

 

 PROTIP for females: Doctor Faisal 

advises you girls not to accept 

marrying a smoker so you don’t turn 

into widows soon after marriage.  

 PROTIP for males: sadly, there is no other than the fact that doctor Faisal wants to 

lower some’s chances of getting a yes when proposing.  

 

↑Glucagon: ↑Kinase activity,    

↑ Phosphorylated form. 

↑Insulin: ↑Phosphatase activity, 

↑De-phosphorylated form. 
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 Transport of Cholesterol in the blood  

 When cholesterol is obtained from the diet, it gets absorbed and esterified. This is 

followed by its incorporation into chylomicrons; chylomicrons are released into the 

blood through the lymph. After removal of most triacylglycerols, they are converted 

into chylomicrons remnants and are taken by the liver.   

                  (Dietary cholesterol  chylomicrons  remnants  liver) 

 Cholesterol that is synthesized in the liver is also incorporated into VLDL. VLDL loses 

triacylglycerol to become IDL which can either be taken into the liver by 

endocytosis or can lose more triacylglycerol and become LDL. LDL can be taken by 

the liver or the extrahepatic tissues.  

 HDL transports cholesterol back to the liver.  

 

 This part of the sheet was discussed in a previous lecture, this is merely a revision: 

 

 Chylomicrons remnants are rapidly 

removed from the circulation by the 

liver, whose cell membranes contain 

lipoprotein receptors that recognize Apo 

E. Chylomicron remnants bind to these 

receptors and are taken into the 

hepatocytes by endocytosis.  

 

 VLDL similarly can be converted into IDL 

which is either taken by endocytosis into the liver or is converted to LDL after losing 

much of the triacylglycerol (loss of TAG will decrease the size and increase the 

density eg: VLDL -> IDL).  

 

 

 LDLs: have cholesterol and cholesteryl 

esters and are taken by the liver and the 

extrahepatic tissues (this way most of 

the extrahepatic tissues get their need 

of cholesterol so there is no need for 

them to synthesize it // HMG-CoA 

reductase is inhibited by the presence of 

cholesterol taken by endocytosis)  
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 Receptors mediated endocytosis of LDL:  

 LDL receptors are clustered in pits (coated pits) on cell membranes.  The cytosolic 

side of the pit is coated with the protein clathrin.  

 The receptors can recognize and bind to Apo B100 present in the LDL particles. After 

binding, the LDL-receptor complex is endocytosed.  

 The vesicle containing LDL loses its clathrin coat and fuses with other similar vesicles, 

forming larger vesicles called endosomes.  

 The pH of the endosome falls (due to the proton-pumping activity of endosomal 

ATPase), which allows separation of the LDL from its receptor.  

 The receptors are then recycled back to the plasma membrane, whereas the 

lipoprotein remnants in the vesicle are transferred to lysosomes and degraded, 

releasing free cholesterol, amino acids, FA, and phospholipids.  

 

 Free cholesterol oversupplies the cells 

and is stored by esterification by the 

enzyme ACAT. It gets incorporated into 

the cell membrane and suppresses the 

synthesis of LDL receptors to stop taking 

in more cholesterol.  

 UPTAKE OF LDL BY CELLS DECREASES THE 

SYNTHESIS OF CHOLESTEROL AND 

DECREASES THE AMOUNT OF LDL 

RECEPROTS BY DOWN-REGULATION.  

 

 Uptake of LDL by macrophage scavenger 

receptors:  

 In addition to the highly specific and regulated receptor-mediated pathway of LDL 

uptake described above, macrophages possess high levels of scavenger receptor 

activity.  

 These receptors can bind a broad range of ligands and mediate endocytosis of 

chemically modified and damaged LDL in which the lipid or apo B component has 

been oxidized. 

 Unlike the LDL receptor, the scavenger receptor is not downregulated in response to 

increased intracellular cholesterol.  

 Cholesteryl esters accumulate in macrophages and cause their transformation into 

“foam” cells. Accumulation of these cells in the sub-endothelial space in the arteries 

is an early indication of atherosclerosis.  
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 Familial Hypercholesterolemia: a condition of high levels of cholesterol in the blood 

found in certain families. It can be:  

 Homozygote: inherited from both parents. 

 Heterozygote: inherited from one parent. 

 

 Cholesterol level is very high: 

 In homozygotes, cholesterol level is 3 times the normal level = 3 x 200 = 

680mg/dL.  

 In heterozygotes, cholesterol level in 1.5 times the normal level = 1.5 x 200 = 

300mg/dL.  

 

 Absence of LDL receptor / Abnormal receptors:  

 In homozygotes: there are no receptors.  

 In heterozygotes: ½ normal number of receptors.  

 

 Consequences/Complications:  

 Accumulation of IDL: more IDL will be converted to LDL 

 Cholesterol deposition in tissues  

 Atherosclerosis  

 Death in childhood   

 

 Cholesterol stays for longer period of time, gets oxidized and is taken by 

macrophages scavenger receptors.  

 Myocardial infarction probability at 20 years old instead of 50 or 60 years old.  

 

 

*P.S: please do refer to the figures of the slides of this lecture (Cholesterol 

Metabolism) to observe the structures of the compounds, best of luck! 


